The partial 16s rRNA gene sequences of some coryneform bacteria isolated from middle-ear fluids from patients with otitis media were determined. A comparative analysis performed with rRNA sequences of other high-G+ C-content gram-positive bacteria showed that the coryneform bacteria isolated from otitis media patients were only remotely related to members of previously described genera. On the basis of the results of the phylogenetic analysis and previously published biochemical and chemotaxonomic data, we propose that the strains isolated from middle-ear infections should be classified in a new genus, Turicella, as Turicella otitidis gen. nov., sp. nov. The type strain of T. otitidis is strain DSM 8821.
Gram-positive, coryneform rods (GPCR) have been recognized as important opportunistic pathogens in recent years (9) , but these organisms are not usually associated with otitis media (2). In previous studies workers detected GPCR in middle-ear fluids from patients with otitis media (20) , but the organisms were considered contaminants and were not identified to the species level. In an attempt to characterize potentially significant GPCR in human samples, two groups of workers (12, 19) independently discovered that some GPCR isolated from middle-ear fluids exhibited distinctive biochemical characteristics. When a chart adapted from a scheme used to identify GPCR in routine laboratories (15) was used, the biochemical profile of these organisms was similar to the Corynebacterium afermentans biochemical profile (12, 19) . However, the GPCR isolated from otitis media patients differed from C. afermentans in cellular fatty acid composition and in lacking mycolic acids (12) . In this study we determined the menaquinone pattern and a partial 16s rRNA gene sequence of a previously undescribed coryneform bacterium isolated from otitis media patients in order to determine its precise phylogenetic position.
MATERIALS AND METHODS
Bacterial strains. Strains 234/92T (T = type strain), 272/92, and 388/92 were recovered from middle ear fluids from 1-to 5-year-old patients with otitis media treated in Zurich, Switzerland.
Growth conditions and biochemical tests. Bacteria were grown on Columbia agar base (Becton Dickinson, Cockeysville, Md.) supplemented with 5% sheep blood at 37°C in a 5% CO, atmosphere. Cells were harvested after 36 h of incubation. The methods used to determine biochemical characteristics have been described elsewhere (12) . In addition, DNase activity was determined by using DNase agar supplemented with methyl green (Difco Laboratories, Detroit, Mich.) after 120 h of incubation at 37°C. Carbohydrate fermentation tests were performed by using an API Coryne system (API bioMkriew, Marcy l'Etoile, France), and fermentation reactions were recorded after 3 days of incubation at 37°C.
Menaquinone analysis. Cells were hydrolyzed and menaquinones were extracted and purified by using the procedure of Page et al. (18) . Purified menaquinones were separated by reverse-phase high-performance liquid chromatography on a Nucleosil C18 (5 pm) column and were eluted with methanolisopropyl ether (3:1, vol/vol), as described by Tamaoka et al. (21) . The menaquinones were detected with a UV monitor (Waters 990 photodiode array detector; Millipore Corp., Milford, Mass,) at the emission wavelength (230 to 400 nm) and were identified by their Rfvalues and UV spectrum. Standard menaquinones were kindly provided by Hoffmann-La Roche, Ltd., Basel, Switzerland.
DNA base composition. DNA was prepared by hydroxyapatite chromatography as described by Cashion et al. (5) . The DNA G + C content was determined by the thermal denaturation method (17) .
Determination of the sequence of rRNA genes. Total genomic DNA was isolated by the standard miniprep method of Ausubel et al. (1) . A large fragment of the 16s rRNA gene was amplified by a PCR by using universal primers pA (positions 8 to 28, Escherichia coli numbering [4]) and pH* (positions 1542 to 1522) (3). Direct sequencing of the amplified product was performed by using primers for conserved regions of the rRNA and a Sequenase version 2.0 sequencing kit (U.S. Biochemical Corp.) as described previously (14) . The rRNA sequences obtained were aligned with sequences of other high-G+C-content gram-positive bacteria obtained from the EMBL Data Library. Similarity values were calculated and an unrooted phylogenetic tree was produced by using the algorithm of Fitch and Margoliash (10, 11) .
Nucleotide sequence accession number. The partial 16s rRNA sequence of strain 234/92T has been deposited in the EMBL data base under accession number X73976.
RESULTS AND DISCUSSION
The partial 16s rRNA sequence of strain 234/92T which we determined is shown in Fig. 1 . The first and last nucleotides in the continuous sequence correspond to positions 31 and 1492, respectively, in the E. coli 16s rRNA sequence; this sequence represents about 95% of the total primary sequence. For strains 272/92 and 388/92 sequences of short fragments (ca. TURICELLA OTITIDIS GEN. NOV., SP. NOV. position 31 to position 530, including variable regions V1 to V3) were also examined and were found to be identical to the sequence of strain 234/92T, confirming the similarity of the three human-derived strains. The partial 16s rRNA sequence of strain 234/92T was compared with the sequences of other high-G+C-content gram-positive bacteria available from the EMBL Data Library. The levels of sequence similarity calculated for a continuous region of ca. 1,330 nucleotides (ranging from positions 109 to 1464, E. coli numbering) for this strain and representatives of other high-G+C-content genera are shown in Table 1 . The unknown GPCR exhibited the highest levels of sequence similarity with members of the genus Corynebacterium (ca. 91 to 92%). Significantly lower levels of relatedness were found for species belonging to the genera Mycobacterium, Nocardia, Rhodococcus, and Tsukamurella (ca. 88 to 89%). The calculated levels of 16s rRNA sequence similarity between the unknown GPCR and the meso-diaminopimelic acid-containing, mycolic acid-less taxa Faenia rectivirgula and Pseudonocardia thermophila were 88.6 and 87.5%, respectively. A tree constructed from a matrix of calculated evolutionary distances showed that the unknown GPCR was phylogenetically distinct from members of previously described genera (Fig. 2) .
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In previous studies (12, 19 ) the unknown GPCR isolated from otitis media patients was reported to be similar to Corynebacterium spp. in that it possessed a cell wall containing meso-diaminopimelic acid, arabinose, and galactose (chemotype IV). This bacterium, however, differed from all members of the genus Corynebacterium except the mycolic acid-less organism Corynebacterium amycolatum (7) in lacking mycolic acids. The menaquinone pattern revealed that MK-(10) and MK-(11) are the principal menaquinones in the unknown GPCR (Table 2 ). This feature clearly excludes the unknown GPCR from the genus Corynebacterium, in which MK-9(H2) or MK-8(H2) or both are the major menaquinones. On the basis of our phylogenetic findings and the chemotaxonomic distinctiveness of the bacterium, we believe that the GPCR isolated from otitis media patients are members of a new genus, for which we propose the name Turicella; the type species of this genus is Turicella otitidis gen. nov., sp. nov. Biochemical characteristics of the otitis media coryneform bacterium have been described in detail previously (12, 19) . However, the lipase (C14), valine arylamidase, and trypsin enzymatic activities reported by Simonet et al. (19) were not detected by Funke et al. (12) . This may have been due to the different incubation times used for the API ZYM system (API bioMkrieux, Marcy l'Etoile, France) used to detect enzymatic activities. While Funke et al. (12) used the incubation time recommended by the manufacturer (4 h), Simonet et al. (19) used a much longer incubation time (48 h) (9a), which may have resulted in positive reactions for the three enzymes. Furthermore, we were not able to confirm the positive DNase reaction reported by Simonet et al. (19) . A description of T. otitidis gen. nov., sp. nov. based on a study of 19 strains (12; unpublished data) is given below.
Description of Turicella gen. nov. Turicellu (Tu.ri.cel'la. Turicum, proper name Turicum; L. dim. suff. -ella; N. L. fem. n. Turicellu, pertaining to Turicum, the Latin name of Zurich, Switzerland, where the first isolates were collected). Cells are gram-positive, nonmotile, non-spore-forming diphtheroids that occur as single cells or are arranged in V-shaped forms or palisades, Colonies are circular, convex, and creamy in color and range from 1.0 to 2.0 mm in diameter after 48 h of incubation at 37°C on sheep blood agar. Catalase positive and oxidase negative. Metabolism is respiratory.
The cell wall contains meso-diaminopimelic acid, arabinose, and galactose. Mycolic acids are not produced. The principal menaquinones are MK-( 10) and MK- ( 11) . The straight-chain saturated fatty acids are mainly palmitic and stearic acids. Oleic acid is the predominant unsaturated fatty acid. Tuberculostearic acid is produced. The G + C content of the DNA is 65 to 72 mol%.
The type species is Turicellu otitidis. Description of Turicella otitidis gen. nov., sp. nov. Turicelh otitidis (o.ti'ti.dis. M.L. gen.n. otitidis, of inflammation of the ear). Cells are gram-positive, nonmotile, non-spore-forming diphtheroids that occur as single cells or are arranged in V-shaped forms or palisades. Colonies are circular, convex, and creamy in color, and colony diameters range from 1.0 to 2.0 mm after 48 h of incubation at 37°C on sheep blood agar. Catalase positive and oxidase negative. Metabolism is respiratory. Acid is not produced from D-glucose, glycogen, lactose, maltose, D-mannitol, ribose, sucrose, and D-xylose or on triple sugar iron agar. Nitrate is not reduced. Indole is not produced. Urea and esculin are not hydrolyzed. Growth is visible in the presence of 6.5% NaC1. Acid phosphatase, alkaline phosphatase, and leucine arylamidase are produced.
The cell wall contains meso-diaminopimelic acid, arabinose, and galactose. Mycolic acids are not produced. The major menaquinones are MK-( 10) and MK- ( 11) . The straight-chain saturated fatty acids are mainly palmitic and stearic acids. Oleic acid is the predominant unsaturated fatty acid. Tuberculostearic acid is produced. The DNA base composition is 65 to 72 mol% G+C. Isolated from middle-ear effusions of ' meso-DAP, meso-diaminopimelic acid; DAB, diaminobutyric acid; Lys, lysine; Om, ornithine; LL-DAP, LL-diaminopimelic acid.
-, not present; +, present; (+), present in some strains. 
